Abstract. Testes of 36 normal New Zealand white rabbits (8, 15, 18, 26, and greater than 52 weeks of age) were examined by light and electron microscopy. The incidence and number of affected tubules were determined for spermatid giant cells, focal tubular hypospermatogenesis, cytoplasmic swelling of spermatogonia, intracytoplasmic vacuoles in seminiferous epithelium, and tubular dilatation. Spermatogenesis commenced at 1 5-1 8 weeks of age and was present in all rabbits by 18 weeks. Spermatid giant cells occurred in 96% of rabbits 15 weeks of age and older. Focal hypospermatogenesis was present in 14-57% of testes once active spermatogenesis began. Ninety-seven percent of testes in all age groups combined had spermatogonial swelling. Infrequent dilated seminiferous tubules were present in five rabbits. Ultrastructurally, spermatid giant cells were round cells with multiple nuclei that appeared to arise by widening of narrow intercellular bridges that normally connect spermatogenic epithelial cells. Pale-staining spermatogonia consisted of cytoplasmic and nuclear swelling with disruption of plasma and nuclear membranes. Tubules with spermatogonial swelling were more numerous in 15-and 18-week-old rabbits. There were no significant differences in incidence or extent of spermatid giant cells, focal hypospermatogenesis, cytoplasmic vacuoles, or tubular dilatation between age groups after spermatogenesis commenced. Although the cause of these changes is not known, they were frequent findings in normal rabbits 15 weeks of age and older.
Rabbits are used commonly in product safety and toxicity testing, and reproductive organs often are examined histologically. The spectrum, incidence, and extent of histologic variations in the testes of normal rabbits must be known before lesions produced by chemical or physical agents can be assessed accurately.
Spermatid giant cells, also termed multinucleated spermatids, syncytial giant cells, multinucleated symplasma, and multinucleated giant cells, generally are interpreted to be a degenerative 1esi0n.~ They have been reported in rabbits following experimental cryptor~h i d i s m '~, '~ and v a~e c t o m y ,~ testicular circulatory dist u r b a n c e~,~ and autoimmune orchitis, l 9 and in rabbits exposed to heat, x-radiation, ~affeine,~ and intratesticular Calmette-Guerin bacterium.'* Spermatid giant cells have been reported in normal rabbit^,^,'^ mice, rats, dogs, pigs, and men.3 Multinucleated spermatogonia were described in normal 8-week-old rabbits. l o Tubular hypospermatogenesis, also termed spermatogenic epithelial atrophy or hypoplasia, has been seen in rabbits with cryptorchid testes, l4 autoimmune orchitis19 and Calmette-Guerin bacterium-induced orchitisIs but has not been reported in normal rabbits. Autoimmune orchitis may cause multifocal hypospermatogenesis adjacent to normal tubules without significant interstitial inflammation.I9
The morphology of the normal maturing rabbit testis has been reported; however, these studies failed to mention the presence of spermatid giant cells, tubular hypospermatogenesis, spermatogonial swelling, cytoplasmic vacuoles, and tubular dilatation.8J0 The purpose of the present study was to describe the histologic and ultrastructural characteristics of these five changes and to evaluate the incidence and extent of each change in the testes of normal rabbits at 8, 15, 18, 26 , and greater than 52 weeks of age.
Materials and Methods
Thirty-six New Zealand white rabbits were obtained from a commercial source (Hazelton Laboratories, Vienna, VA), weighed on arrival, held in individual cages, and fed ad libitum for one week. Rabbits were shipped at appropriate ages so that after one week they were sacrificed at 8, 15, 18, 26, and greater than 52 weeks of age. Seven rabbits were evaluated in each age group, and eight rabbits were examined in the 15-week-old group. The rabbits were weighed and killed with an overdose of sodium pentabarbital. The abdominal cavity was opened quickly, and a plastic 20-gauge catheter with an internal stillette was inserted caudally into the abdominal aorta and ligated into place. The right testis was clamped off, removed, separated from the epididymus and fat pad, and weighed as previously reported.' The capsule of the right testis was incised with a sharp blade to facilitate penetration of fixative. The left testis was perfused for 8 minutes at 30-40 cm of water pressure with cold 2.5% glutaraldehyde, then removed from the body. Multiple 1-2 mm cubes of tissue from the head, center, and tail regions of the testis were placed in 2.5% glutaraldehyde and processed routinely for electron microscopy. The remainder of the left testis and the right testis were immersed in 10% neutral buffered formalin.
Complete longitudinal sections of perfused and nonperfused testes were processed routinely, embedded in paraffin, and sectioned at 5-6 pm. Slides stained with hematoxylin and eosin were evaluated by light microscopy with a computerized digitizing tablet (Zeiss Videoplan I@, or ZIDAS@ Carl Zeiss, Inc.). The numbers of tubules per cm2 of crosssectional testicular area with spermatid giant cells and tubular hypospermatogenesis were enumerated for each testis. The average minimal diameters were determined for ten normal tubules and ten tubules with each of these changes. The extent of spermatogonial swelling and intratubular cytoplasmic vacuoles was evaluated subjectively on a scale of 0-3 (0 = not present, 1 = infrequent, 2 = frequent, 3 = extensive). The number of dilated tubules which had diameters over 50% greater than normal tubules was determined for one longitudinal section of each testis.
Testicular tissue for electron microscopy was rinsed in 0.1 M sodium cacodylate buffer, post-fixed in 1.3% tetroxide in sym-collidine at pH 7.4, dehydrated in ethanol, transferred to propylene oxide, and embedded in Epon. One micron section was cut from five blocks from each rabbit and stained with toluidine blue. Thirty blocks containing tissue with one or more changes were selected for electron microscopy. Sections from these blocks were cut at 600-800 8, and stained with uranyl acetate and lead citrate.
The effect of age on the incidence and extent of spermatid giant cells, tubular hypospermatogenesis, spermatogonial swelling, cytoplasmic vacuoles, and tubular dilatation was evaluated by analysis of covariates and Scheffps test for multiple comparisons. A paired T-test was used to determine if any differences were present in the numbers of tubules per cm2 with each change in perfused testes compared with testes which were not perfused.
Results

Light microscopy
Spermatid giant cells were present in 94% of all rabbits. These cells were found in tubular lumens, but they were present occasionally within the tubular epithelium. Spermatid giant cells were spherical and had two to four small round nuclei that were pyknotic and contained clumped chromatin. Small giant cells had two to four centrally located nuclei while peripheral nuclei were more common in large cells. Infrequent large spermatid giant cells had up to 20 peripherally placed nuclei and granular eosinophilic cytoplasm (Fig.  1) .
Giant cells formed from spermatogonia, not spermatids, in rabbits 8 weeks of age. Spermatogenesis had not begun, and tubular lumens were not formed. Only supporting cells and spermatogonia were present in the tubules of 8-week-old rabbits. These giant cells had two to five plump round nuclei, prominent single nucleoli, and abundant cytoplasm (Fig. 2) . The spermatogonial giant cells had extensive contact with the tubular basement membrane zone.
Focal tubular hypospermatogenesis was present in 87% of rabbits 15 weeks of age but occurred less frequently in the older age groups. Hypospermatogenesis was not evaluated in 8-week-old rabbits because spermatogenesis had not commenced in these animals. Only 12.5% of 15-week-old rabbits had mature sperm in the seminiferous tubules and epididymus. Hypospermatogenesis was defined as a reduction of the tubular epithelium to two or fewer layers (Fig. 3) . This change occurred in portions of a seminiferous tubule, in a single tubule, or in clusters of tubules. Clusters of hypospermatogenic tubules usually were located adjacent to the testicular capsule and were often triangular although small clusters could be located anywhere in the testis. Single tubules with hypospermatogenesis were difficult to distinguish from artifactual loss of tubular epithelium.
Spermatogonial cytoplasmic swelling was present in all rabbits older than 8 weeks of age and in 86% of 8-week-old rabbits. The number of tubules per cm2 with swelling was greatest in the 15 and 18 week age groups. Affected spermatogonia were located in the first or second layer of cells adjacent to the basement membrane. These cells had clear cytoplasm with round to oval borders and eccentric, round nuclei. The nuclei were pyknotic or contained densely basophilic chromatin. Cytoplasmic margins were indistinct (Fig. 4) .
Cytoplasmic vacuoles were present in the basal and middle layers of the tubular epithelium in all rabbits over 8 weeks of age (Fig. 5) . These vacuoles were prominent only when their diameters exceeded 5-10 pm; they would occasionally coalesce to form irregular clear spaces up to 50 pm wide. They could not be localized to any one cell type by light microscopy.
Dilated seminiferous tubules were present in only five rabbits and affected tubules were infrequent within each testis. The diameter of dilated tubules was from two to four times the normal tubular diameter. Small foci of interstitial orchitis consisting of lymphocytes, histiocytes, and infrequent heterophils were present in one rabbit 15 weeks of age.
Electron microscopy
Spermatid giant cells when evaluated by electron microscopy appeared to form from spermatids in rabbits older than 8 weeks of age. Intercytoplasmic bridges of various widths connected the cytoplasm of adjacent normal spermatids. Spermatid giant cells were round and contained abundant mitochondria, a prominent Golgi apparatus, and scant endoplasmic reticulum. In binucleated cells, nuclei shared the center of the cytoplasmic area. The nuclei were round and the chromatin was clumped along the nuclear membranes and in the center of the nuclei. An acrosome was associated with one or both nuclei and occasionally indented the nuclear membrane. The mitochondria had a peripheral condensation of cristae. Infrequent spermatid giant cells had from two to four nuclei (Fig. 6) . Hypospermatogenesis was observed in a single tubule examined by electron microscopy. The tubular epithelium consisted of a single layer of collapsed supporting cells and their processes.
Swollen spermatogonia by light microscopy had electron-lucent cytoplasm and eccentric, round, single nuclei with densely clumped chromatin (Fig. 7 ) Dispersed large mitochondria, a small Golgi apparatus, and strands of endoplasmic reticulum were present in the cytoplasm. Nuclear and cytoplasmic membranes often were disrupted.
Electron-lucent cytoplasmic vacuoles could be localized to the supporting (Sertoli's) cells by electron microscopy. These vacuoles were partially bound by intracellular membranes and contained finely granular material (Fig. 8) . Membrane fragments were present within the vacuoles. Supporting cells with vacuoles contained abundant endoplasmic reticulum, residual lysosomal bodies, and mitochondria. No evidence of degeneration was observed in these organelles. Single smaller vacuoles were seen infrequently in spermatids and spermatocytes.
The incidence and extent of spermatid giant cells, focal hypospermatogenesis, spermatogonial swelling, cytoplasmic vacuoles, and tubular dilatation are summarized by age ( Table 1 ). The mean minimal diameter was determined for normal tubules, tubules with spermatid giant cells, and tubules with hypospermatogenesis (Table 2) .
Statistical analyses
Age significantly affected the incidence and extent of several changes (Table 1) . Tubules with giant cells were more numerous in rabbits 8 weeks of age than in other age groups (P = 0.000 1). These giant cells formed from spermatogonia not spermatids. The incidence and extent of spermatid giant cells was not statistically different in rabbits of any age older than 8 weeks.
Age affected the number of tubules per cm2 with hypospermatogenesis (P = 0.000 1). The incidence and extent of hypospermatogenesis were greatest in the 15-week-old rabbits and were not significantly different in rabbits 18, 26, and greater than 52 weeks of age. Hypospermatogenesis was not evaluated in 8-week-old rabbits because spermatogenesis was not occurring. Mature spermatozoa were seen in only one of eight rabbits 15 weeks of age. Tubules with spermatogonial swelling were more numerous in rabbits 15 and 18 weeks of age (P < 0.05).
The average minimal diameters of normal tubules, tubules with spermatid giant cells, and tubules with hypospermatogenesis increased from 8 to 18 weeks of age (P < 0.05). The average minimal diameters were similar for normal and affected tubules ( Table 2 ). The extent and incidence of cytoplasmic vacuoles was not affected significantly by age in rabbits 15 weeks of age and older. Use of the paired T-test found no significant differences in incidence or extent of any changes in older. Although they have been reported in normal r a b b i t~,~J~J~ they are more frequently described in rabbits as degenerative changes associated with a wide variety of agents including heat, caffeine, x-radiation, circulatory disturbance^,^ experimental cryptorchidi~m , '~J va~ectomy,~ and intratesticular injection of Calmette-Guerin bacterium.I8 Spermatogonia, spermatocytes, and spermatids normally are connected by narrow intercytoplasmic bridges.' Spermatid giant cells form when these bridges widen and disappear, forming round cells with multiple n~c l e i .~J~J~J~ In this study, spermatid giant cells were distributed randomly and sparsely throughout each testis and appeared to be fused round spermatids in which nuclei often shared acrosomes.
Several studies have proposed mechanisms that could result in the formation of spermatid giant cells. Giant cells were increased 9 months after vasectomy in adult rabbikg The most extensive changes were reported in rabbits that had epididymal distention which may have forced the testes toward or into the inguinal ring. Rabbits made surgically cryptorchid for 24 hours developed many spermatid giant cells 12-25 days after surgery.14J5 The authors concluded that the increased temperature associated with testes near or within the body damaged the ability of the spermatocytes and spermatids to maintain normal intracytoplasmic bridges. The spermatid giant cells present in rabbits after vasectomy or experimental cryptorchidism were indistinguishable histologically and ultrastructurally from those seen in the testes of normal rabbits. Therefore, spermatid giant cells appear not to be specific for any type of injury and frequently are present in normal tubules.
Spermatid giant cells when present as a dystrophic change generally are found in seminiferous tubules with mild to moderate injury and are infrequently present in severely damaged tubule^.^ Small numbers of giant cells can be in a few tubules without affecting fertility. When present in otherwise normal tubules, the spermatid giant cells probably originate in distant portion of the tubule and flow in the tubular lumen to an unaffected area. Spermatid giant cells develop pyknotic nuclei and degenerate in 2-3 weeks or move into the e p i d i d y m~s .~J~ Multinucleated spermatogonia similar to those seen in the 8-week-old rabbits in this study have been reported in normal rabbits'" and in prepubertal boys.13 They had two to five round nuclei, abundant cytoplasm, and extensive contact with the tubular basement membrane. The cause for the variation in extent of spermatogonial giant cells in the 8-week-old rabbits is not known, but they appear to be a variation of the normal structure of the prepubertal testis.
Normal seminiferous tubules had four to seven layers of epithelial cells, whereas in hypospermatogenesis there was a reduction in the height of the germinal epithelium to two or less layers of cells. Morphometric evaluation may have underestimated the extent of hypospermatogenesis since tubules with two to four layers of cells were classified as normal. Rabbits 15 weeks of age had many tubules with two or fewer layers of epithelial cells. Spermatogenesis was beginning, but no mature spermatozoa were present in most of these rabbits.
Hypospermatogenesis was observed in 5 1 Yo of rabbits 15 weeks of age and older. When hypospermato-genesis occurred in single tubules or portions of tubules, it was difficult to distinguish from desquamation and artifactual loss of epithelium. Some tubules in experimentally cryptorchid rabbit testes were devoid of germ cells at 12-1 8 days, while adjacent tubules were normal histologically.14 Multifocal areas of tubular hypospermatogenesis and spermatid giant cell formation adjacent to normal tubules have been reported in otherwise normal scrota1 testes of men 15-35 years of age.lL These changes are similar to the hypospermatogenesis and spermatid giant cells seen in normal rabbits with the exception that affected tubules in humans had decreased diameters while affected rabbit tubules did not. In another study in men, bilateral contraction of the cremaster muscles caused randomly multifocal areas of lobular hypospermatogenesis and tubular atrophy resulting in clinical infertility.I2 The authors suggested the following pathogenesis. Testicular retraction resulted in venous ectasia with obstruction of seminal and venous flow. The supporting cells developed many phagolysosomes and vacuoles within the smooth endoplasmic reticulum which led to desquamation and maturation arrest of spermatids followed by tubular atrophy. It was concluded that the supporting cell was the primary target cell in retractile testes.l2 The inguinal rings of the rabbit remain open throughout the animal's life, permitting retraction of the testes into the inguinal canals or even into the abdomen. Intermittent retraction of the testes could result in focal hypospermatogenesis as seen in men.
Spermatogonial swelling was a common finding in normal rabbits. Affected spermatogonia had electronlucent cytoplasm, eccentric large nuclei with dense chromatin, and disruption of nuclear and cytoplasmic membranes. In rabbits 24-40% of the maximal sperm output normally never reach m a t~r i t y .~J~ Gonocyte degeneration in the normal postnatal male rat is characterized by pyknotic nuclei, cytoplasmic swelling, membrane lysis, and phagocytosis by supporting cells. The swollen spermatogonia in the present study were compatible with normal turnover of the germ cells.
Vacuoles in the cytoplasm of the supporting cells resulted from dilation of smooth endoplasmic reticulum. The membranes often were incomplete and membrane fragments were present in some vacuoles. Similar vacuoles have been described in men with retractile testes,12 in normal ratsY5 and in vasectomized rabbits with immune complex or~hitis.~ Vacuoles derived from the endoplasmic reticulum were the first changes seen in rats orally administered 2,She~anedione.~ These vacuoles ultrastructurally appeared to be identical to those seen in the normal rabbits in this study. The cause of these cytoplasmic vacuoles in normal rabbits was not apparent. Small vacuoles are present in many supporting cells, but large coalescing vacuoles are present less frequently in normal rabbits. Cytoplasmic vacuoles appear to be normal findings and are more pronounced in some tubules and in the testes of certain rabbits.
The incidence and extent of spermatid giant cells, focal hypospermatogenesis, and cytoplasmic vacuoles in supporting cells did not vary significantly with age once histologic testicular maturity was reached at 18 weeks of age. Spermatogonial swelling was more extensive in rabbits 15 and 18 weeks of age suggesting a higher rate of physiologic cellular turnover in less mature rabbits.
The lack of significant differences in incidence or extent of all changes in perfused and nonperfused testes supported the conclusion that spermatid giant cells did not result from autolytic or artifactual changes associated with fixation by irnme~sion.~ Our findings suggest that this conclusion can be extended to include hypospermatogenesis, spermatogonial swelling, and cytoplasmic vacuoles in supporting cells of rabbit testes.
Rabbits are used commonly in product safety testing. The results of this study demonstrated the high incidence of spermatid giant cells, focal hypospermatogenesis, spermatogonial swelling, and cytoplasmic vacuoles in supporting cells in the testes of normal rabbits at five different ages. These changes in normal rabbits cannot be distinguished morphologically from degenerative lesions caused by a wide variety of agents. These microscopic changes in the rabbit testis are difficult to interpret when agents being studied may affect the testis.
